ABSTRACT A panel of 146 monoclonal antibodies (MAbs), obtained with Drosophila melanogaster tissue as primary immunogen, was tested for cross-reactivity with the human central nervous system. Sites examined included spinal cord, cerebellum, hippocampus, and optic nerve. Nonnervous tissues tested were liver and lymph node. Approximately half of the antibodies reacted with one or more sites in the human central nervous system, identifying regional, cell class, and subcellular antigens. Some recognized neuronal, glial, or axonal subsets. Immunoblot analysis revealed that some antibodies reacted with similar antigen patterns in both species.
Although much of the neuronal network of the human central nervous system has been mapped by classical histologic and electrophysiologic methods, our knowledge of molecular differences between functional cellular subsets is limited. A remarkable tool, the monoclonal antibody (MAb), provides a new dimension to neuroanatomy. This technique has begun to reveal, in the central nervous system of various organisms, hitherto unsuspected subsystems identifiable by their molecular specificities (1) (2) (3) (4) . Although there has been some application of MAbs to the human central nervous system, only a few surveys of human neural antigens have been reported (5) (6) (7) (8) , partly due to the difficulty of obtaining appropriate tissues and the complexity of the structure.
Using a panel of 146 MAbs, originally isolated by Fujita et al. (9) for a study of the Drosophila melanogaster nervous system, we tested for reactions with the human central nervous system. A surprisingly large number of cross-reactions showing a wide variety of specificities was observed. In addition to providing new markers for the human nervous system, the molecular characteristics of these antigens are of interest in respect to their evolutionary conservation and their possible roles in development, behavior, and disease.
MATERIALS AND METHODS
Generation of MAbs. The mouse hybridomas were generated by using Drosophila melanogaster head, brain, or retina homogenates as immunogens, fusing spleen cells with NS-1 myeloma cells, and cloning by limiting dilution. Supernatant fluids were screened on frozen sections of fly heads by indirect immunofluorescence microscopy (9 with Pi/NaCl. After a final 5-min rinse in Pi/NaCl, the sections were coverslipped with 90% (vol/vol) glycerol in Pi/NaCl, containing paraphenvlenediamine (1 mg/ml) to reduce bleaching (10) , and were viewed with a Zeiss epifluorescence microscope.
Immunoblots. Tissue homogenates in gel electrophoresis sample buffer [2.3% sodium dodecyl sulfate/5% mercaptoethanol/63 mM Tris-HCl, pH 6.8/10% (vol/vol) glycerol] were prepared in a Dounce glass homogenizer. For each gel, the sample was either human central nervous system tissue (18 mg of protein in 200 pl of sample buffer) or 60 fly heads (6 mg of protein) in 100 pl of sample buffer. The samples were electrophoresed in 10% polvacrylamide gel in Tris/glycine buffer (11) . The gels were electroblotted to nitrocellulose paper with 192 mM glycine/25 mM Tris base/20% methanol (12) . Strips (3-mm wide) were cut and incubated overnight at room temperature with 3 ml of 1% bovine serum albumin (Sigma, RIA grade) in buffer A (0.15 M NaCl/10 mM Tris-HCl, pH 7.4/ 0.025% Nonidet P-40). Each strip was rinsed with buffer A and incubated overnight at 220C with 1 ml of a hybridoma supernatant diluted to 3 ml with buffer A, washed three times with buffer A, and incubated for 2 hr with 3 A wide diversity of staining patterns was observed, with relatively little redundancy. Antigens were often specific to one cell class or subcellular component. Sixteen MAbs showed distinct staining of portions of neurons. Four MAbs reacted strongly with neuropil but did not stain neuronal cell bodies, and four stained axons alone. In addition, five MAbs stained cell nuclei in all tissues examined. One MAb (12E4) was specific to the membranes of neuronal cell nuclei. Fig. 1 shows examples of motor neurons staining in the anterior horn of the spinal cord. MAb 6B5 selectively stained focal areas on the motor neuron plasma membrane, possibly identifying synaptic terminals on the perikaryon. MAb 13H11 stained the cytoplasm of the neuron, whereas MAb 3G12 was positive for the neuropil, leaving the perikarya as "black holes." MAb D12B reacted with both neuropil and perikaryon.
Microscopic detail of axonal staining was observed in transverse sections of the dorsal column of the spinal cord (Fig. 2) . Various MAbs distinguished among the components of the axons and their myelin sheaths. MAb 3G12 stained the matrix between nerve fibers, leaving the fibers themselves unstained. Subcellular staining differences also could be defined within the cerebellum. An antigenic dissection of the Purkinje cell is illustrated in Fig. 3 Many human neurological defects are hereditary, but progress in human disease has been stymied often by the lack of model systems. Drosophila mutants also display hereditary pathologies such as brain degeneration in the drop dead mutant (21) and muscle defects resembling nemaline myopathy in the wings-up mutant (22) . With currently available recombinant DNA technology, it may well be feasible to transfer a selected gene from human to fly in order to study its function. Complications in this procedure arise because, due to the existence of introns and degeneracy in the genetic code, the DNA structures in each organism may differ considerably, even if their protein products are closely homologous. Therefore, the molecular homology revealed by a MAb could be crucial. In principle, it makes possible the isolation of the mRNA from polysomes of each organism, hence, leading to cDNA probes for the isolation of their respective genes.
